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DESCRIPTION 



HIGHLY ACTIVE PHOTOCATALYST AND PROCESS FOR PRODUCING THE SAME 



FIELD OF THE INVENTION 

This invention relates to a photocatalyst and a process 
for producing the same andmore particularly to a photo- catalyst 
which is high in catalytic activity, is nontoxic, has a long 
life, allows visible light to be used directly for its 
photocatalytic reaction and is especially useful for hydrogen 
generation, etc., and a process for producing it. 

BACKGROUND ART 

The production of chemical energy from solar energy, 
or the use of inexhaustible and clean hydrogen energy is one 
of the dreams - which the. hiiman beings have .. The. practical' - . 
application of this energy can solve the energy problem faced 
by the 21st century, the warming of the earth by carbon dioxide 
as brought about by fossil energy and environmental pollution 
as by acid rain. 



et al. Nature, 238, 37 (1972) was the first attempt to show 
that the energy of light can be used to decompose water into 
oxygen and hydrogen. When the oil crisis was thereafter 
questioned all over the world, a lot of studies were actively 



The Honda-Fuj ishima effect announced by A. Fujishima, 



made for converting the energy of light to chemical energy in 
accordance with that principle • The conversion efficiency for 
the energy of light in the visible range is, however, still 
to be improved. The result of the active studies made from 
1980 to 1990 is that they have shown that the conversion 
efficiency is dictated by the recombination of electrons and 
holes formed by photoexcitation when it occurs before they reach 
the reaction sites for the decomposition of water. In ac- 
cordance with this conclusion, an attempt has been made to use 
an intercalation compound to separate the reaction sites (S. 
Ikeda, et al, J. Mater . Res . , 13, 852 (1998)). No satisfactory 
conversion efficiency in the visible range has, however, been 
achieved as yet, though the conversion efficiency has gradually 
been improved . This is due to the fact that no perfect separation 
of the reaction sites or of electrons and holes has been achieved. 

Besides the studies mentioned above, there have also, 
been made studies of reaction systems for generating hydrogen 
by utilizing the absorption of light by ions in a solution. 
J. Jortner, et al, J. Phys • Chem., 68, 247 (1964) showed the 
generation of hydrogen at a high quantum efficiency in an acid 
solution containing an iodine ion, and K. Hara, et al, J. 
Photochem. Photobiolo . , A128, 27 (1999) in an alkaline solution 
containing a sulfur ion. All of these reactions are, however, 
made possible by ultraviolet light of high energy having a 
wavelength of 250 nm or less. 



As to the application of photocatalytic technology, its 
practical application has begun in antibacterial tiles, 
antibacterial and deodorant filters for air cleaners, etc. owing 
to its property of promoting various chemical reactions, such 
as the degradation of environmental pollutants, sources of 
offensive odors and bacteria. Moreover, it is possible to 
obtain a useful chemical substance by reacting a harmful 
substance with a photocatalyst . For example, application to 
a desulfurization process for crude oil will be possible. 

The desulfurization process for crude oil which is 
generally employed at present hydrogenates heavy naphtha during 
the distillation of crude oil and recovers all the sulfur 
components of crude oil as hydrogen sulfide. It recovers 
hydrogen sulfide by oxidizing sulfur through a process called 
the Claus process . The Claus process is a process which oxidizes 
one-third of hydrogen sulfide into sulfur dioxide" and'reacts' 
it with the remaining hydrogen sulfide to form elemental sulfur. 

This process requires enormous energy, since it not only 
carries out the catalytic reactionof sulfur dioxide andhydrogen 
sulfide, but also repeats heating and condensation. Other 
problems thereof include the expensive control of sulfur 
dioxide . 

If it is possible to put into practice a method in which 
a photocatalyst is added to alkaline water containing hydrogen 
sulfide dissolved therein, and is irradiated with ultraviolet 



rays, so that free electrons and holes generated by the 
photocatalyst absorbing the energy of ultraviolet light may 
oxidize and reduce the alkaline water containing hydrogen 
sulfide to produce hydrogen and sulfur, or a method in which 
hydrogen sulfide is decomposed by a photocatalyst into hydrogen 
and sulfur, it will be possible to decompose hydrogen sulfide 
as an harmful substance and produce hydrogen and sulfur as useful 
substances with a smaller amount of energy. In other words, 
it will be possible to contribute to solving an environmental 
problem and produce useful substances inexpensively. 

The photocatalysts so far available have, however, had 
problems to be solved, as will now be stated. Firstly, they 
are low in catalytic activity . Secondly, they are toxic . They 
are low in catalytic activity, since it is highly probable that 
the free electrons and holes which are formed upon application 
of light to a phbtocaitalyst may undergo, recombination', and it 
is also highly probable that the chemical substances separated 
by an oxidation-reduction reaction may recombine into the 
original compound. 

Thirdly, the catalysts have only a short life . They have 
a problem of being dissolved by light. The free electrons and 
holes which are formed upon application of light to a 
photocatalyst produce a strong oxidation-reduction reaction 
by which not only the chemical substances as intended, but also 
the catalyst itself is oxidized and reduced, is dissolved and 



loses its catalytic action. 

Under these circxamstances, JP-A-2001-190964 has 
disclosed a photocatalyst having a high catalytic activity, 
having no toxicity and having a long life, and overcome the 
three problems as stated above ♦ 

JP-A-2001-190964, however, discloses only a photo- 
catalyst composed of ZnS . As the band gap of ZnS is in the 
ultraviolet range, it has been impossible to utilize visible 
light, such as solar light, an inexhaustible and clean source 
of energy, directly for a photocatalytic reaction. 

It is, therefore, an object of this invention to overcome 
the drawbacks of the prior art as stated above and provide a 
photocatalyst which is high in catalytic activity, is nontoxic, 
has a long life, allows visible light to be used directly for 
a photocatalytic reaction and is especially useful for hydrogen 
generation, and a process for producing the same. 

DISXLOSURE OF THE INVENTION 

As a result of intensive investigations, the inventors 

of the invention have been able to solve the above problems 

by adopting the features as set forth below. 

This invention is, therefore, as follows: 

(1) A photocatalyst containing a cadmium compound, 

having a capsular structure and having an average particle 

diameter of 100 nm or less. 
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is 

(2) The photocatalyst according to the above (1), 
wherein the average particle diameter is 50 nm or less. 

(3) The photocatalyst according to the above (1), 
wherein the cadmium compound is cadmium sulfide. 

(4) The photocatalyst according to the above (1), 
characterized by supporting a Group 8 to 11 metal. 

(5) The photocatalyst according to the above (4), 
characterized in that the metal is platinum. 

(6) The photocatalyst according to the above (1) , which 

has a pore extending from its surface to its interior. 

.(7) The photocatalyst according to the above (6) , which 
has a multiplicity of such pores. 

(8) A process for producing a photocatalyst, which 
comprises dropping a solution of a cadmium salt into a solution 
of a sodium compound. 

(9) The process for producing a photocatalyst according 
to the above (8), wherein the solution of a sodium compound 
contains sodium sulfite. 
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(10) The process for producing a photocatalyst ac- 
cording to the above (8), wherein the solution of a sodium 
compound contains sodium sulfide, 

(11) The process for producing a photocatalyst ac- 
cording to the above (8) , wherein the cadmium salt is cadmium 
nitrate . 

(12) A process for producing a photocatalyst, which 
comprises admixing a solution of a sodium compound in a 
suspension of particles of a cadmium compound. 

(13) The process for producing a photocatalyst ac- 
cording to the above (12), wherein the cadmium compound is 
cadmium hydroxide. 

(14) The process for producing a photocatalyst ac- 
cording to the above (12), wherein the cadmium compound is 
cadmium oxide. 

(15) The process for producing a photocatalyst ac- 
cording to the above (12) , wherein the suspension of particles 
of a cadmium compound is prepared by mixing a solution of cadmium 
nitrate with a solution containing sodium hydroxide. 



(16) The process for producing a photocatalyst ac- 
cording to the above (15) , wherein the solution containing sodium 
hydroxide contains a chloride. 

(17) The process for producing a photocatalyst ac- 
cording to the above (16) , wherein the chloride is sodium 
chloride • 



(18) The process for producing a photocatalyst ac- 
cording to the above (12) , wherein the sodium compound is sodium 
sulfide . 

(19) The process for producing a photocatalyst ac- 
cording to the above (8) or (12) , whereinphotocatalyst particles 
as obtained are caused to support a Group 8 to 11 metal. 



(20) The process for producing a photocatalyst 
according to the above (19), wherein the metal is platinum. 



(21) The process for producing a photocatalyst ac- 
cording to the above (8) or (12), which further comprises 
suspending photocatalyst particles as obtained in a solution 
containing sodium sulfite and applying light thereto. 
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(22) The process for producing a photocatalyst ac- 
cording to the above (21) , wherein the light is visible light. 

(23) The process for producing a photocatalyst ac- 
cording to the above (21)^ wherein the light is solar or 
pseudo-solar light , 

The photocatalyst of the invention, which contains a 
cadmium compound, allows the use of visible light, such as solar 
light, an inexhaustible and clean source of natural energy, 
directly for its photocatalytic reaction, is nontoxic and has 
a long life. 

The photocatalyst composed of simple particles of a 
cadmium compound which has so far been available has had only 
a very low efficiency for conversion of the energy of light. 

The photocatalyst of this invention is", however, of a 
capsular structure having a shell containing a cadmium compound 
and a cavity and an electrical field existing between the outer 
and inner surfaces of the capsular shell containing a cadmium 
compound is considered to make it possible to decrease the 
recombination of free electrons and holes formed by the 
application of visible light, such as solar light, and. also 
the recombination of a product of an oxidizing reaction and 
a product of a reducing reaction and thereby achieve a high 
catalytic activity. 



The operational mechanism as described enables this 
invention to have a high catalytic activity, be nontoxic, have 
a long life, allow the use of visible light directly for its 
photocatalytic reaction and be particularly useful for hydrogen 
generation. 

The photocatalyst of this invention and a method of 
manufacturing it will now be described in detail. 

For the purpose of this invention, the cadmium compound 
is not particularly limited if it has catalytic activity, but 
it may, for example, be one composed of cadmium and a Group 
16 element, and more specifically, cadmium sulfide, cadmium 
selenide or cadmium telluride, though cadmium sulfide is the 
most suitable. 

The average particle diameter of the photocatalyst of 
this invention having a capsular structure is not particularly 
limited if it is 100 nm or- less, but it is preferably 50'nm 
or less, since a smaller particle diameter preferably brings 
about a larger surface area per unit mass and thereby a higher 
spectral catalytic activity. 

The average particle diameter of the photocatalyst of 
this invention having a capsular structure is determined by 
a method as described below. 

Several photographs showing several to several tens of 
catalyst particles are taken through an electron microscope, 
the major diameters of the individual particles are measured 
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and their average is calculated. 

The photocatalyst of this invention preferably supports 
a Group 8 to 11 metal to have a still higher photocatalytic 
activity . 

The Group 8 to 11 metal is a metal selected from among 
Pt, Ru, lr,.Co, Rh, Cu, Pd and Ni or an oxide thereof and platinum 
is, among others, preferred. Its amount supported is not 
particularly limited, but is preferably in the range of 0.1 
to 10% by weight. 

Less than 0.1% by weight presents the problems of a 
reduction in the amount of hydrogen which is generated, and 
a lowering in the stability of the catalyst, while over 10% 
by weight presents the problems of not only an unexpected 
reduction in the amount of hydrogen which is generated, but 
also an increase in the manufacturing cost of the catalyst. 

Description will- now be made of the structure of thie" 
photocatalyst of this invention. 

The photocatalyst according to this invention has a shell 
containing a cadmium compound and a cavity. The shell of the 
photocatalyst of this invention is of a stratified structure 
formed by an ultrafine particle layer of a cadmium compound 
having a particle diameter of 1 to 10 nm, so that a photocatalyst 
like that of this invention is known also as a stratified 
photocatalyst. Moreover, the shell having a stratified 



structure in the photocatalyst of this invention is likely to 
have a structure in which the ratio of its components like cadmium 
and a Group 16 element as stated before varies along its layer 
thickness. As a result, it is considered that an electrical 
field existing along its layer thickness makes it possible to 
decrease the recombination of free electrons and holes formed 
by the application of visible light, such as solar light, and 
also the recombination of a product of an oxidizing reaction 
and a product of a reducing reaction and thereby achieve a high 
catalytic activity. As the shell in the photocatalyst of this 
invention is of a stratified structure formed by an ultraf ine 
particle layer of a cadmium compound having a particle diameter 
of 1 to 10 nm, it has innumerable pores defined by the interstices 
existing among the ultrafine particles and connected to one 
another . 

Fig. 1(A) is a transmission electron micrograph taken 
of a mass of substances like layers of ultrafine particles of 
cadmium sulfide as one form of the photocatalyst according to 
this invention. Fig. 1 (B) is an enlarged portion of Fig. 1 (A) . 

As is obvious from the photograph, it is of a capsular 
structure formed by several-nanometer ultrafine particles of 
CdS. 

Measurement by a micro-region EDX has confirmed as 
platinum the black portion on the outside of one substance like 
a layer of ultrafine particles of cadmium sulfide as enlarged 



in Fig. 1 (B) . 

While there is no particular limitation in a process 
for producing the photocatalyst of the invention, it is possible 
to mention as the simplest method a process for producing it 
by dissolving several ten to several hundred-nanometer 
particles of a cadmium compound not having photocatalytic 
activity from their surfaces in an aqueous solution containing 
ions like the Group 16 element as stated before, and thereby 
depositing about one to 10-nanometer nano-fine particles of 
cadmium compound having photocatalytic activity in the vicinity 
of the dissolved parts of the several ten to several hun- 
dred-nanometer particles . 

The cadmium compound not having photocatalytic activity 
is not particularly limited, but is preferably cadmium oxide 
or hydroxide. 

The aqueous solution containing the Group 16 element, 
etc. is not particularly limited, either, but is preferably 
a solution of a sodium compound. 

Thus, it is possible to mention a method comprising 
admixing a solution of a sodium compound in a suspension of 
cadmium oxide or hydroxide particles as one method of 
manufacturing the photocatalyst of this invention. 

The sodium compound is not particularly limited, but 
is preferably sodium sulfide. 

The features of the manufacturing method described above 
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will be described by referring as an example to cadmium sulfide 
which is a preferred form of cadmium compound having 
photocatalytic activity. Fine particles of cadmium oxide or 
hydroxide and an aqueous solution of sodium sulfide as raw 
materials are mixed and if the mixed solution is stirred, cadmium 
oxide or hydroxide reacts with water to form cadmate ions 
dissolved in the aqueous solution. The cadmate ions react with 
sulfur ions in the aqueous solution of sodium sulfide and form 
cadmium sulfide. The cadmium sulfide is deposited on the 
surfaces of the cadmium oxide or hydroxide particles as the 
raw material and forms a layer of fine particles of cadmium 
sulfide. Upon formation of the layer of fine particles of 
cadmium sulfide, water permeates through the layer, reaches 
the surface of cadmium oxide or hydroxide as the raw material 
and reacts with the cadmium oxide or hydroxide to form cadmate 
ions. The cadmate ions are diffused through the layer, of fine 
particles of cadmium sulfide, reach its surface and react with 
sulfur ions to form cadmium sulfide, which is deposited on the 
layer of fine particles of cadmium sulfide. The growth of the 
layer of fine particles of cadmium sulfide makes it difficult 
for cadmate ions to diffuse through the layer, resulting in 
the deposition of cadmium sulfide deviating from a 
stoichiometric composition. 

Ultraviolet irradiation may be employed to increase the 
rate of formation of the layer of fine particles of cadmium 



compound (cadmium sulfide) . Fine particles of cadmium oxide 
or hydroxide and an aqueous solution of sodium sulfide are mixed 
together and irradiated with ultraviolet rays so that the 
dissolution of cadmium oxide or hydroxide under light may 
facilitate the dissolution of cadmate ions and thereby 
accelerate the growth of the layer of fine particles of cadmium 
compound . 

It is also possible to dissolve hydrogen sulfide to 
increase the rate of formation of the layer of fine particles 
of cadmium compound. Hydrogen sulfide may be dissolved in a 
mixed solution of fine particles of cadmium oxide or hydroxide 
and water to form a weakly acid solution containing sulfur ions 
to accelerate the growth of the layer of fine particles of cadmium 
compound, since cadmium oxide or hydroxide is well soluble in 
a weakly acid solution. 

. urtravio'let irradiation and the dissolution of hydrogen - 
sulfide may be combined to increase the rate of formation of 
the layer of fine particles of cadmium compound. Fine particles 
of cadmium oxide or hydroxide, an aqueous solution of sodium 
sulfide and hydrogen sulfide are mixed together, irradiated 
with ultraviolet rays and stirred to accelerate the growth of 
the layer of fine particles of cadmium compound to a further 
extent . 

These methods as described make it possible to produce 
a layer of fine particles of a cadmium compound forming the 



s 

photocatalyst of this invention. 

In an aqueous solution of sodium sulfide {Na2S) , cadmiuin 
oxide (CdO) or cadmium hydroxide (Cd(0H)2) is dissolved from 
the surfaces of cadmium oxide or hydroxide particles to form 
cadmate ions (CdO^") • The cadmate ions react with sulfur ions 
(S^") in the aqueous solution of sodium sulfide (NaaS) and form 
a cadmium compound (CdS) . The cadmiijm compound is deposited 
on the surface of cadmium oxide or hydroxide and forms a layer 
of fine particles of cadmium compound. Upon formation of the 
layer of fine particles of cadmiiim compound, water permeates 
through the layer, reaches the surface of cadmium oxide or 
hydroxide as the raw material and reacts with the cadmium oxide 
or hydroxide to form cadmate ions . The cadmate ions are diffused 
through the layer of fine particles of cadmium compound and 
reach its surface opposite that in which it faces the cadmium 
oxide or hydroxide particles, namely it's outer surface. In 
that surface, the cadmate ions react with sulfur ions and form 
the cadmium compound, which is deposited on the layer of fine 
particles of cadmium compound, whereby the layer of fine 
particles of cadmium compound is considered to grow. 

It is considered that the process of formation as 
described causes an internal cavity to be formed by a missing 
volume corresponding to a part of cadmium oxide or hydroxide 
particles dissolved away to form cadmate ions. 

It is considered that when one of the components of a 
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chemical reaction is supplied by diffusion and when the reaction 
product forms a diffusion layer as described, the growth of 
the diffusion layer results in a gradual decrease in the amount 
of the one component which is supplied, and the formation of 
a layer varying in chemical composition. Thus, the layer of 
fine particles of cadmium compound forming the photocatalyst 
according to this invention is considered to have a structure 
featured by a ratio of cadmium (Cd) and sulfur (S) varying across 
its thickness. 

The particles of a cadmium compound not having 
photocatalytic activity which is used by the manufacturing 
method described above may be commercially available ones, or 
appropriately prepared ones. 

As regards a method of preparing a cadmium compound not 
having photocatalytic activity, there is no particular 
limitation, but it is possible to mention a method in which 
a solution of cadmium nitrate is mixed with a isolutioh containing 
sodium hydroxide. 

The particle diameter of the photocatalyst to be 
manufactured may be appropriately controlled in accordance with 
the intended catalytic action thereof, and as regards a method 
of controlling its particle diameter, it is possible to mention 
controlling the particle diameter of the particles of a cadmium 
compound not having photocatalytic activity. 

As regards a method of controlling the particle diameter 
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of the particles of a cadmium compound, there is no particular 
limitation, but it is preferable to have a chloride dissolved 
in the solution containing sodium hydroxide when the particles 
of a cadmium compound are prepared. 

The chloride is not particularly limited, but may, for 
example, be sodium or potassium chloride, though sodium chloride 
is preferred. 

As another form of a process for producing the 
photocatalyst of the invention, it is possible to mention a 
method in which shells of capsules containing a cadmium compound 
having photocatalytic activity are formed directly without 
employing any particles of a cadmium compound not having 
photocatalytic activity. 

As such a manufacturing method, it is possible to mention, 
for example, a method in which a cadmium salt solution is dropped 
into a' solution of ' a sodium compound. 

Although the functional mechanism of this method is not 
clear, it is considered that a cadmium salt dropped into a 
solution of a sodium compound will first form a microscopic 
solid phase of cadmium hydroxide, etc. and then turn into a 
cadmium compound instantaneously to form the shells of capsules 
of the photocatalyst of this invention. 

The solution of a sodium compound preferably contains 
sodium sulfite or sulfide. The cadmium salt is preferably 
cadmium nitrate. 
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Although the photocatalyst of this invention preferably 
supports a Group 8 to 11 metal like platinum as stated before, 
there is no particular limitation as to a method of having it 
supported. 

The photocatalyst particles produced by the manu- 
facturing methods as described, or the like are preferably 
suspended in a solution containing sodium sulfite and exposed 
to light to have their photocatalytic activity raised. 

The light is preferably visible light, such as solar 
or pseudo-solar light. 

The following is a list of specific process for producing 
the photocatalyst of the invention. 

Process for producing a photocatalyst according to a first form 
of embodiment: 

Sodium chloride is dissolved in a solution of sodium 
hydroxide, a solution of cadmium nitrate is dropped and mixed 
into that solution and the mixed solution is stirred at room 
temperature to prepare a suspension of cadmium hydroxide 
particles having a white color. A solution of sodium sulfide 
is mixed with the suspension and the mixture is stirred. As 
a result, there is obtained a suspension of CdS particles . Then, 
a solution of hexachloroplatinic acid is added to the suspension 
and after stirring, it is irradiated with ultraviolet light 
by using a mercury lamp type ultraviolet irradiating device. 



After its treatment as described, it is filtered under 
suction through a nitro cellulose membrane filter (having a 
pore diameter of 0 . 2 ijm) , washed with distilled water and dried 
in a tank having a constant temperature of 60°C. 

Process for producing a photocatalyst according to a second 
form of embodiment: 

A solution of sodium sulfide and/or a solution of sodium 
sulfite is diluted with deionized water, a solution of cadmium 
nitrate is dropped into the dilution at a dropping rate and 
it is stirred. As a result, there is obtained a suspension 
of capsular CdS particles. Then, a solution of hexa- 
chloroplatinic acid is added to the suspension andaf ter stirring, 
it is irradiated with ultraviolet light by using a mercury lamp 
type ultraviolet irradiating device. 

After its treatment as described, it is filtered under, 
suction through a membrane filter, washed with distilled water 
and dried in a tank having a constant temperature of 60'*C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (A) is an electron micrograph showing the process 
of formation of a photocatalyst according to this invention 
and (B) is an enlarged portion thereof. 

Fig. _2 i s a diagram showing the construction of a device 
used for measuring the amount of hydrogen generated. 



Fig. 3 is a graph comparing the photocatalysts of this 
invention and conventionally available photocatalysts in their 
capacity for generating hydrogen. 

BEST MODE FOR CARRYING OUT THE Invention 

The invention will now be described more specifically 
by examples, though they are, of course, not intended for 
limiting the scope of this invention. 

Example 1 

(Process 1 for Producing a Photocatalyst ) 

4.0 g of sodium chloride were dissolved in 100 ml of 
a 0.1 M solution of sodium hydroxide (solution (1) ) . Solution 

(1) and 100 ml of a 0.01 M solution of cadmium nitrate were 
mixed and stirred at room temperature. As a result, there was 
obtained a suspension. of. cadmium hydroxide particles having 
a white color (solution (2) ) . 5 ml of a 0 . 1 M solution of sodium 
sulfide were mixed with solution (2) . As a result, there was 
obtained a suspension of particles having an intermediate color 
between orange and brown (solution (3)). 10 ml of a 9.65 x 
10~^M solution of hexachloroplatinic acid were added to solution 

(3) , stirring was continued for two minutes (solution (4) ) and 
it was irradiated with ultraviolet light for five minutes by 
using a mercury lamp type ultraviolet irradiating device 

(solution (5) ) . 



Solution (5) was filtered under suction by using a 
membrane filter having a diameter of 47 mm and a pore diameter 
of 0.2 urn (6) . The solid as obtained at (6) with the filter 
was placed in a desiccator and dried at room temperature to 
60''C. As a result, there were obtained having a reddish brown 
color on the filter (7) , The particles as obtained at (7) were 
suspended in a mixture of 50 ml of a 0 . 1 M solution of sodium 
sulfide and 10 ml of a 1 M solution of sodium sulfite and the 
suspension was irradiated with pseudo-solar light by using a 
500 W Xe lamp. 

As a result, the color of the particles changed from 
reddish brown to greenish brown and hydrogen was generated. 
The suspension was filtered under suction and the resulting 
photocatalyst powder was dried with the filter. As a result, 
there were obtained photocatalyst particles having a greenish 
brown color on the filter and the catalyst particles weighed 
about 110 irig and had a particle diameter of 46 hm. 

Example 2 

(Process 2 for Producing a Photocatalyst) 

Example 1 was repeated except using 100 ml of a 0.1 M 
solution of sodium sulfite instead of 100 ml of a 0 . 1 M solution 
of sodium hydroxide in solution (1) according to Process 1 for 
Producing a Photocatalyst (Example 1) . Photocatalyst par- 
ticles having a greenish brown color were obtained on the filter. 



weighed about 110 mg and had a particle diameter of 62 nm. 
Example 3 

(Process 3 for Producing a Photocatalyst ) 

1 ml of a 0.1 M solution of sodium sulfide and 1 ml of 
a 1 M solution of sodium sulfite were mixed together (solution 

(1) ) . Solution (1) was diluted with deionized water until a 
total volume of 100 ml (solution (2)). lOmlofaO.OSM solution 
of cadmium nitrate were dropped into solution (2) at a dropping 
rate of 13 . 9 ml/min . and stirring was continued for two minutes . 
As a result, there was obtained a suspension of particles having 
an intermediate color between yellow and orange (solution (3)). 
1.5 ml of a 9.65 X 10"^ M solution of hexachloroplatinic acid 
were added to solution (3) and stirring was continued for two 
minutes (solution (4)). Solution (4) was irradiated with 
ultraviolet light for two minutes by using a mercury lamp type 
ultraviolet irradiating device. 

As a result, there was obtained a suspension of particles 
having an intermediate color between orange and brown (solution 

(5) ) . Solution (5) was filtered under suction by using a 
membrane filter having a diameter of 47 mm and a pore diameter 
of 0.2 um (6) . The solid as obtained at (6) with the filter 
was placed in a desiccator and dried at room temperature to 
60^*0 . As a result/ there were obtained having a reddish brown 
color on the filter (7) . The particles as obtained at (7) were 



suspended in a mixture of 50 ml of a 0 . 1 M solution of sodium 
sulfide and 10 ml of a 1 M solution of sodium sulfite and the 
suspension was irradiated with pseudo-solar light by using a 
500 W Xe lamp. As a result, the color of the particles changed 
from reddish brown to greenish brown and hydrogen was generated. 

The suspension was filtered under suction and the 
resulting photocatalyst powder was dried with the filter. As 
a result, there were obtained photocatalyst particles having 
a greenish brown color on the filter and the catalyst particles 
weighed about 40 mg and had a particle diameter of 70 nm. 

Comparative Example 1 

Example 1 (including sulfurizing treatment and treatment 
for having platinum supported) was repeated except using a 
suspension of 100 mg of CdO as a commercially available reagent 

(product of Kou-Jundo' Kagaku-Sha having a. particle diameter 
of 300 to 400 nm) instead of the suspension of particles as 
solution (2) according to Process 1 for Producing a Photocatalyst 

(Example 1) . Photocatalyst particles having a greenish brown 
color were obtained on the filter, weighed about 110 mg and 
had a particle diameter of 355 nm. 

Comparative Example 2 

0.5 ml of a 0.1 M solution of sodium sulfide was diluted 
with deionized water until a total volume of 50 ml (solution 



(2) ) . 50 ml of a 0 . 01 M solution of cadmium nitrate were put 
in and mixed with solution (2). As a result, there was obtained 
a suspension of CdS particles having an intermediate color 
between orange and brown (and having a primary particle diameter 
of 5nm) (solution (3) ) . Steps (4) and (5) of Example 1 (treatment 
for having platinum supported) were repeated except solution 

(3) used and there were obtained photocatalyst particles having 
a dark brown color and not having a capsular structure on the 
filter, which particles weighed about 50 mg and had a particle 
diameter of 7 nm. 

Comparative Example 3 

Comparative Example 2 was repeated. Steps 4 and 5 of 
Example 1 (treatment for having platinum supported) were, 
however, eliminated. There were obtained photocatalyst 
part icles having an intermediate color between orange and brown 
and not having a capsular structure on the filter, which 
particles weighed about 50 mg and had a particle diameter of 
6 nm. 

Comparative Example 4 

Comparative Example 3 including the elimination of steps 
for treatment for having platinum supported was repeated except 
using a suspension of 100 mg of CdS as a commercially available 
reagent (product of Kou-Jundo Kagaku-Sha having a particle 



diameter of 30 to 40 nm) instead of the prepared CdS particles 
according to Comparative Example 3, and Photocatalyst particles 
having a dark brown color and not having a capsular structure 
were obtained on the filter. The catalyst particles weighed 
about 100 mg and had a particle diameter of 42 nm. 

<Evaluation of Photocatalysts> 

The amounts of hydrogen generated by the photocatalyst 
particles obtained from the Examples and Comparative Examples 
stated above were measured by a testing method as described 
below. 

(Testing Method for Measuring the Amount of Hydrogen Generated) 
A device for measuring the amount of hydrogen generated, 
including a burette, was charged with 100 mg of photocatalyst 
particles. Then, the device for measuring the amount of 
hydrogen generated was charged with 140 ml of a 0.1 M solution 
of sodium sulfide. 

Pseudo-solar light having an intensity of 50 mW/cm^ was 
applied from below the device by using a 500 W Xe lamp and the 
amount of hydrogen generated was measured every ten minutes. 

The device used for measuring the amount of hydrogen 
generated is shown in Fig. 2. The device is composed of a light 
responding portion made of quartz glass, a hydrogen measuring 
portion 2 for measuring the amount of hydrogen generated, a 
solution reservoir 4 for storing an aqueous solution 3 of sodium 



sulfide corresponding in volume to the hydrogen gas generated 
and thereby preventing a hydrogen pressure elevation, a 500 
W Xe lamp 5 for emitting pseudo-solar light, a lens L for 
collecting pseudo-solar light 6, and a reflecting mirror 8 for 
reflecting the pseudo-solar light 6 and irradiating a 
photocatalyst 7 therewith, as shown in Fig. 2. When a reaction 
for decomposition by light is started, the whole system is filled 
with the aqueous solution 3 of sodium sulfide, a certain amount 
of photocatalyst 7 is caused to settle at the bottom of the 
light responding portion 1, a port 9 for collecting generated 
gas is closed and the 500 W Xe lamp is turned on. The amount 
of hydrogen generated is measured by the hydrogen measuring 
portion 7 at specific intervals of time of irradiation. 

<Results of Tests for Measuring the Amounts of Hydrogen 
Generated> 

Fig. 3 shows the dependence of the amount of hydrogen 
generated on the length of time of visible light irradiation. 
As is obvious from the graph showing a comparison of capacity, 
all of the photocatalysts according to the Examples of this 
invention showed satisfactory results as stated above, but the 
results of the tests for measuring the amounts of hydrogen 
generated by the photocatalysts according to the Comparative 
Examples were all unsatisfactory. 
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It is particularly to be noted that the photocatalyst 
particles according to Example 1 showed a maximum hydrogen 
generating rate of 74.8 ml/h one hour after the start of 
irradiation and a total amount of 210.3 ml for the hydrogen 
generated during four hours after the start of irradiation, 
and that the photocatalyst particles according to Example 3 
showed a maximum hydrogen generating rate of 70.8 ml/h one hour 
after the start of irradiation and a total amount of 189.2 ml 
for the hydrogen generated during four hours after the start 
of irradiation. 

INDUSTRIAL APPLICABILITY 

As is obvious from the foregoing description, the 
photocatalyst of this invention is high in catalytic activity, 
is nontoxic, has a long life, allows visible light to be used 
directly for its photocatalytic reaction arid is useful for. 
hydrogen generation, etc. 

The photocatalyst of this invention contributes to 
solving an environmental problem and exhibits the practical 
advantages of, for example, permitting the inexpensive 
production of useful substances if it is used in a method of 
decomposing hydrogen sulfide to produce hydrogen and sulfur. 
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